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© AC/DC power supply. 



© An AC/DC power supply is connectable to either 
AC or DC and includes a power transformer circuit, a 
rectifier circuit, and a switching circuit having first 
and second switching devices effective when the 
voltage input is AC and DC, respectively, to output 
pulses to the power transformer circuit. A control 
circuit, when sensing an AC voltage input, enables 
the rectifier to rectify the voltage input before ap- 
plied to the power transformer circuit, and also en- 



ables the first switching device to output pulses to 
the power transformer circuit. The control circuit, 
when sensing a DC voltage input disables the recti- 
fier and enables the second switching device to 
output pulses to the power transformer circuit. A 
duty-cycle control circuit controls both the first and 
second switching devices to control the duty cycle 
of the pulses supplied thereby to the power trans- 
former circuit. 
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The present invention relates to electrical pow- 
er supplies, and particularly to electrical power 
supplies which are essentially (but not exclusively) 
useful for certain medical devices, such as respira- 
tors, which may be connected either to an AC 
source or a DC source. 

Power supplies for medical applications, such 
as respirators, require a very high degree of elec- 
trical safety. Such power supplies must frequently 
be capable of operating from an AC source such 
as AC household current, as well as from a DC 
source such as a standby battery or an automotive 
vehicle battery. Generally, the two power sources 
are isolated from each other, and/or special precau- 
tionary controls are provided, to prevent malfunc- 
tion or exposing the user to a dangerous voltage if 
the two sources are plugged in at the same time. In 
addition, users are also generally required to preset 
the electrical device for an AC source or a DC 
source before turning on the device. Failure to 
properly preset the electrical device, which can 
easily occur, may result in damage to the electrical 
appliance and/or a hazardous condition to the user. 

According to the present invention, there is 
provided an AC/DC power supply, comprising: an 
input connector for connection to a voltage input of 
either AC or DC; a power transformer circuit; a 
rectifier circuit between the input connector and the 
power transformer circuit; a switching circuit includ- 
ing a first switching device effective when the volt- 
age input is AC to output pulses to the power 
transformer circuit, and a second switching device 
effective when the voltage input is DC to output 
pulses to the power transformer circuit; a control 
circuit effective, when sensing an AC voltage input, 
to enable the rectifier to rectify the voltage input 
before applied to the power transformer circuit, and 
also to enable the first switching device to output 
pulses to the power transformer circuit; the control 
circuit being effective when sensing a DC voltage 
input, to disable the rectifier and to enable the 
second switching device to output pulses to the 
power transformer circuit; and a duty-cycle control 
circuit for controlling both the first and second 
switching devices to control the duty cycle of the 
pulses supplied thereby to the power transformer 
circuit. 

The invention is herein described, by way of 
example only, with reference to the accompanying 
single drawing figure illustrating a preferred circuit 
constructed in accordance with the present inven- 
tion. 

The power supply illustrated in the accompany- 
ing drawing includes a single input connector IC for 
connection to an input voltage of either AC or DC. 
For example, the illustrated system is capable of 
operating with DC of 11-35 volts or with AC of 90- 
265 volts, and produces a DC output voltage suit- 



able for operating an electrical device such as a 
respirator. 

The illustrated system includes an input recti- 
fier and filter circuit, generally designated IRF, for 
5 rectifying the input if it is AC. When the input is 
DC, circuit IRF is bypassed, as will be described 
more particularly below. 

The voltage input applied to the input connec- 
tor IC is sensed by an input sensing circuit, gen- 

w erally designated ISC. Circuit ISC includes a first 
comparator U1 which compares the input voltage 
applied by a volt divider defined by resistors R19 
and R20, with a reference voltage, and produces a 
positive output at its terminal "1" when the input 

75 voltage reaches 8 volts. This voltage is applied to 
energize a starter circuit ST. The input sensing 
circuit ISC includes a second comparator U2B 
which compares the input voltage, applied by a 
voltage divider defined by resistors R18 and R15, 

20 with a reference voltage, and produces a positive 
output voltage at terminal "7" to turn on a pulse- 
width modulator circuit generally designated 
PWMC. Circuit PWMC controls the duty cycle of a 
pair of switching transistors Q1.Q2 to an output 

25 circuit including a power transformer PTR. Switch- 
ing transistor Q1 is effective when the input voltage 
is DC, and switching transistor Q2 is effective when 
the input voltage is AC. 

Circuit PWMC also controls a local shut-down 

30 circuit LSD to disconnect the starter circuit ST 
when the proper operating voltage has been 
reached. The latter control is effected via a low- 
voltage sensor circuit LVSC, which includes a tran- 
sistor Q3 effective to start the starter circuit ST 

35 only when there is sufficient voltage at the input 
connector IC. 

Comparator Ut of the input sensing circuit ISC 
also controls a transistor Q4 which is energized, via 
terminal "1" of the comparator, when the input 

40 voltage is DC and reaches 8 volts. Energization of 
transistor Q4 actuates two relays K1 ,K2 in a relay 
circuit RC. Relay K1 is effective to bypass the 
rectifier filter circuit IRF, thereby preventing power 
loss (or voltage drop) when there is a DC input. 

45 Relay K2, when energized by transistor Q4 in the 
presence of a DC input, changes the connections 
to the power transformer PTR to minimize power 
loss. 

Power transformer PTR includes three trans- 
50 former sections T1, T2 and T3. Transformer sec- 
tion T1 includes a primary winding T1a and a 
secondary winding T1b; transformer section T2 in- 
cludes two primary windings T2a,T2b and two sec- 
ondary windings T2c,T2d; and transformer section 
55 T3 includes two primary windings T3a,T3b and a 
secondary winding T3c. 

When the input is AC, switching transistor Q2 
is effective to supply pulses, via conductors 20 and 
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22, to primary windings T1a, T2a and T2b con- 
nected in a boosting relation. The arrangement is 
such that the two sections T1.T2 of the power 
transformer PTR operate in the "flyback mode". 
That is, when transistor Q2 is conducting, trans- 
former sections T1 and T2 share the input voltage, 
and consequently transformer section T1 delivers 
instantaneous energy to the output circuit, while 
magnetic energy is stored in transformer section 
T2. When transistor Q2 is non-conducting, the 
stored magnetic energy in transformer section T2 
flows to the output, while transformer section T1 
discharges its parasitic energy also to the output. 

When the input is DC, switching transistor Q1 
is effective to supply the pulses to the power 
transformer PTR. In this case, the pulses are ap- 
plied via the DC transistor switch Q1, the contacts 
of relay K2, and conductors 20,24 only to primary 
winding T2a of the transformer section T2; that is, 
primary winding T2b of transformer section T2, and 
also primary winding T1a of transformer section 
T1, are bypassed. The arrangement is such that 
when the input is DC, the power transformer PTR 
also operates according to the "flyback mode"; that 
is, when transistor Q1 is conducting, energy is 
stored in the core of transformer section T2; and as 
soon as transistor Q1 becomes non-conducting, 
this energy is transferred to the output circuit 
where it is connected to DC by an output rectifier 
OR. 

It will thus be seen that when the input is AC, 
all the primary windings T1a, T2a, T2b are con- 
nected in a series boosting relation to maximize the 
coupling to the output circuit; whereas when the 
input is DC, only primary winding T2a is effective 
to receive the primary current, thereby minimizing 
the voltage drop in the power transformer. This 
feature is very significant where the input is a 
battery of low DC voltage, since it minimizes the 
voltage drop across the power transformer and 
conserves the battery life. 

The third section T3 functions to provide feed- 
back pulses to the pulse-width modulator circuit 
PWMC to control the duty cycle of transistors Q1 
and Q2 in response to the operation of the power 
transformer. Thus, primary winding T3a of trans- 
former section T3 is in series with conductors 20 
and 22 effective when the input is AC, and its 
primary winding T3b is in series with conductors 
20 and 24 effective when the input is DC. 

Secondary winding T3c of transformer section 
T3 generates a voltage in response to the current 
through either of its primary windings T3a or T3b 
and applies same to input terminal "a" of circuit 
PWMC to control the duty cycles of transistors 
Q1.Q2. In addition, transformer section T2, which is 
effective when the input is either DC or AC as 
described above, generates an output voltage via 



its winding T2d which is applied to the voltage 
supply terminal "a" of circuit PWMC receiving the 
volts supply V cc . 

The system illustrated in the drawing operates 
5 as follows: 

when the voltage input connector IC is con- 
nected to a DC voltage, this voltage is immediately 
sensed by comparator U1 of the input sensing 
circuit ISC; and when this input voltage reaches 8 
70 volts, it produces an output signal from its terminal 
"1 " to terminal STa of the starter circuit ST, which 
provides power via its terminal STb to terminal V cc 
connected to input terminal "a" of the pulse-width 
modulator circuit PWMC. However, circuit PWMC 
15 remains shut down until such time as the input 
voltage reaches 11 volts, as sensed by comparator 
U2B of the input sensing circuit ISC, which pro- 
duces an output via its terminal "7" to terminal "b" 
of circuit PWMC. When the input voltage reaches 

20 11 volts, circuit PWMC becomes operative . 

As soon as circuit PWMC becomes operative, 
it sends a signal to the local shut-down circuit LSD. 
The latter circuit turns off transistor Q3 in the low 
voltage sensor circuit LVSC. This produces a signal 

25 to terminal STc in the starter circuit ST turning off 
the starter circuit. Accordingly, as soon as circuit 
PWMC becomes operative, starter circuit ST is 
turned off. At this time, power is applied to circuit 
PWMC via transistor Q4, which is turned on by the 

30 8 volt output pulse from terminal w 1 w of comparator 
U1 in the input sensing circuit ISC. 

Energization of transistor Q4 actuates the two 
relays K1 and K2. Actuation of relay K1 causes the 
input rectifier and filter circuit IRF to be bypassed, 

35 thereby minimizing the voltage drop and loss of 
energy through this rectifier when the input is DC. 
Energization of relay K2 connects the DC transistor 
switch Q1 to the power transformer PTR via con- 
ductors 24 and 20. As described earlier, the power 

40 transformer operates in the "flyback mode" in 
which conductors 20 and 24 connect only trans- 
former winding T2a to the DC transistor switch Q1 
so that the pulses produced by that switch pass 
only through transistor winding T2a, and not 

45 through transistor windings T2b or T1a. This con- 
nection of the power transformer during DC opera- 
tion thereby also reduces the voltage drop and the 
energy loss. 

During the DC operation, the pulse-width 

so modulator circuit PWMC controls the duty cycle of 
the DC switching transistor Q1 in response to the 
operation of the power transformer PTR. Thus, the 
current passing through the primary winding T2a of 
the power transformer is sensed by primary wind- 

55 ing T3b of transformer section T3, to produce an 
output voltage in secondary winding T3c corre- 
sponding to the current; this voltage is applied to 
terminal "c" of circuit PWMC. In addition, the out- 
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put voltage from the power transformer PTR is 
sensed by secondary winding T2d, which applies a 
voltage corresponding to the output voltage to the 
power supply terminal V cc or circuit PWMC. 

The pulse-width modulator circuit PWMC may 5 
be a commercially available circuit, such as the 
Unitrode UC3823. The input voltage applied via its 
terminal "a" is referenced to an internal reference 
and produces an error signal which is amplified 
and compared to the input current signal applied 10 
via its terminal "c", to produce an output signal 
from its terminal "d" which is applied to the DC 
switching transistor Q1 to control the width of the 
pulses outputted by the DC switching transistor Q1. 
As one example, PWMC circuit could operate at 75 
about 250 KHz. 

When the input connector IC is connected to 
an AC source, e.g. 90-265 volts, as soon as the 
output of comparator U1 reaches 35 volts its output 
terminal "1 n will go negative to ground. This turns 20 
off transistor Q4, which deenergizes the two relays 
K1,K2. Deenergization of relay K1 interrupts the 
bypass circuit of input rectifier and filter circuit IRF, 
thereby introducing that circuit into the input line; 
and deenergization of relay K2 connects the pri- 25 
mary windings T1a, T2a and T2b of the power 
transformer PTR in a series boosting relation be- 
tween conductors 20,22 in series with the AC 
switching transistor Q2. When this input is AC, the 
power transformer also operates according to the 30 
"flyback mode" as described above. 

When relay K2 is deenergized, diode D17 be- 
comes conducting, since it is biased to ground, 
thereby conducting current through resistor R21 
which reduces the voltage at terminal n 5" of com- 35 
parator U2B. This terminal is a non-inverting input 
terminal of the comparator, so that terminal w 7" of 
comparator U2B goes negative. This causes circuit 
PWMC to shut down, until the voltage at the input 
connector IC rises to a predetermined level, 40 
wherein the non-inverting input terminal "5" equals 
the reference voltage at terminal n 6" at the invert- 
ing input. When this occurs, the output terminal n 7" 
of comparator U2B goes positive, turning on circuit 
PWMC. 45 

While the power supply is operable, the local 
shut-down circuit LSD renders transistor Q3 non- 
conductive, thereby keeping the starter circuit ST 
inoperative for lack of power. 

Circuit PWMC operates in the same manner as so 
described above, except in this case it controls the 
duty cycle to the AC transistor switch Q2. This 
control is in accordance with the input current to 
the power transformer, as sensed by primary wind- 
ing T3a of transformer section T3, and the output 55 
voltage from the power transformer as sensed by 
secondary winding T2d of transformer section T2. 
As described above, the primary windings T1a, T2a 



and T2b of the power transformer PTR are con- 
nected in a series boosting relation between con- 
ductors 20 and 22 with the AC switch Q2 to maxi- 
mize the coupling to the output rectifier OR in the 
output circuit. 

The illustrated circuit prevents the power sup- 
ply from operating with insufficient AC input volt- 
age, but still allows a DC input to activate it. This 
function is controlled by transistor switch Q3 in the 
low voltage sensor circuit LVSC. The latter circuit 
includes a capacitor C20 which is charged via 
resistor R8 to drive transistor Q3. When insufficient 
AC voltage is applied, the voltage fluctuations 
across capacitor C20 keep discharging it before it 
obtains sufficient voltage to turn on transistor Q3. 
The discharge path of capacitor C20 is through 
resistor R53 and diode D24. Thus, only sufficient 
AC voltage at the inlet connector IC, or a DC 
voltage at the inlet connector, will charge capacitor 
C20 to a level sufficient to turn on transistor Q3, 
and thereby to enable the starter circuit ST. 

Where technical features mentioned in any 
claim are followed by reference signs, those refer- 
ence signs have been included for the sole pur- 
pose of increasing the intelligibility of the claims 
and accordingly, such reference signs do not have 
any limiting effect on the scope of each element 
identified by way of example by such reference 
signs. 

Claims 

1. An AC/DC power supply, comprising: an input 
connector for connection to a voltage input of 
either AC or DC; a power transformer circuit; a 
rectifier circuit between said input connector 
and said power transformer circuit; a switching 
circuit including a first switching device effec- 
tive when the voltage input is AC to output 
pulses to the power transformer circuit, and a 
second switching device effective when the 
voltage input is DC to output pulses to the 
power transformer circuit; a control circuit ef- 
fective, when sensing an AC voltage input, to 
enable said rectifier to rectify the voltage input 
before applied to said power transformer cir- 
cuit, and also to enable said first switching 
device to output pulses to the power trans- 
former circuit; said control circuit being effec- 
tive when sensing a DC voltage input, to dis- 
able said rectifier and to enable said second 
switching device to output pulses to the power 
transformer circuit; and a duty-cycle control 
circuit for controlling both said first and second 
switching devices to control the duty cycle of 
the pulses supplied thereby to said power 
transformer circuit. 
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2. The power supply according to claim 1, 
wherein said power transformer circuit includes 
a plurality of primary and secondary windings, 
and a transformer control circuit effective to 
connect said windings in one manner when the 5 
input connector is connected to an AC voltage 
input, and in a different manner when the input 
connector is connected to a DC voltage input. 

3. The power supply according to Claim 1, io 
wherein said power transformer circuit includes 

at least two transformer sections; said control 
circuit being effective to connect the two trans- 
former sections in boosting relation when the 
input voltage is AC, and to bypass at least part 75 
of one of said transformer sections when the 
input voltage is DC. 

4. The power supply according to claim 1, 
wherein the power transformer circuit is con- 20 
nected according to a flyback mode of opera- 
tion. 

5. The power supply according to claim 1, 
wherein said duty-cycle control circuit includes 25 
a pulse-width modulator circuit operating in the 
current mode and receiving an input corre- 
sponding to the input current to the power 
transformer circuit. 

30 

6. The power supply according to claim 5, 
wherein said pulse-width modulator circuit in- 
cludes a further input corresponding to the 
output voltage of the power transformer circuit 

and controls the pulse-width modulator circuit 35 
in response thereto. 

7. The power supply according to claim 5, further 
including: a starter circuit for supplying power 

to the switching circuit; and an input voltage 40 
sensing circuit for sensing the input voltage 
and effective when the input voltage reaches a 
first predetermined magnitude to supply power 
to the starter circuit, and when it reaches a 
second predetermined magnitude to supply 45 
power to the pulse-width modulator circuit and 
to disconnect the power to the starter circuit. 

8. The power supply according to claim 7 ? 
wherein said input voltage sensing circuit in- so 
eludes: a first comparator which receives the 
input voltage, compares it with a first reference 
corresponding to said first predetermined volt- 
age magnitude, and produces an output to said 
starter circuit; and a second comparator which 55 
receives the input voltage, compares wit with a 
second reference corresponding to said sec- 
ond predetermined voltage magnitude, and 



produces an output to said pulse width 
modulator circuit; said power supply further 
including a local shut-down circuit controlled 
by said pulse width modulator circuit, upon 
being energized by the output of said second 
comparator, to deenergize said starter circuit. 

9. The power supply according to claim 8, 
wherein said control circuit includes: a relay 
which, when actuated, bypasses said input rec- 
tifier with respect to said power transformer 
circuit; and a transistor for deactuating said 
relay when one of said comparators of the 
input sensing circuit senses an input above a 
third predetermined voltage. 

10. The power supply according to claim 7, 
wherein said input voltage sensing circuit in- 
cludes a capacitor which is charged by an AC 
input voltage, and a transistor controlled by the 
charge on said capacitor and effective to 
deenergize the starter circuit when the charge 
on the capacitor is insufficient to energize said 
transistor. 
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(54) AC/DC power supply 

(57) An AC/DC power supply is connectable to 
either AC or DC and includes a power transformer 
(PTR) circuit, a rectifier circuit, and a switching circuit 
having first (Q1) and second switching devices (Q2) 
effective when the voltage input is AC and DC, respec- 
tively, to output pulses to the power transformer circuit 
(PTR). A control circuit (PWMC), when sensing an AC 
voltage input, enables the rectifier to rectify the voltage 
input before applied to the power transformer circuit 
(PTR), and also enables the first switching device (Q1) 



to output pulses to the power transformer circuit (PTR). 
The control circuit (ISC), when sensing a DC voltage 
input, disables the rectifier and enables the second 
switching (Q2) device to output pulses to the power 
transformer circuit (PTR). A duty-cycle control circuit 
(PWMC) controls both the first (Q1) and second switch- 
ing devices (Q2) to control the duty cycle of the pulses 
supplied thereby to the power transformer (PTR) circuit. 
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